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The Alouet te  I1 s a t e l l i t e  was b u i l t  by t h e  Defence 

3 i e  search  Telecomrunications E s t a b l i  sl?-ment, Canada, and 

laanched on 29 November, 1 9 6 5  by the National  Aeronaut ies  

and Space Adminis t ra t ion of the U.S.A.  as p a r t  of an i n t e r -  

n a t i o n a l  s a t e l l i t e  programme f o r  t h e  s tudy  of t he  h igh  

ztxosphere.  The o r b i t a l  parameters a r e :  

apogee 2982 k i lometers  

p e r i g e .e 50 2 k i l o  met e r s 

i n c l i n a t i o n  7 9.8" prograde 

per iod  121.4 minutes 

sp in  2 .25  r evo lu t ions  pe r  minute. 

For  t h e  f i r s t  o r b i t  per igee  occurred a t  27' south l a t i t u d e  

and t h e  l a t i t u d e  of per igee  moved south 1.89' per  day. 

s a t e l l i t e  c u r r e n t l y  ope ra t e s  on command f o r  about 6 hours 

p e r  day, c o l l e c t i n g  data  f rom one o r  more of t h e  fo l lowing  

f i v e  experiments: 
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4. 

5. 

A t ops ide  sounder, which measures t h e  d i s t r i b u t i o n  

of e l e c t r o n s  i n  t h e  topside ionosphere a s  a 

f u n c t i o n  of d i s tance  from t h e  s a t e l l i t e ,  

A background rad io  noise experiment, which 

measures t h e  no i se  environrn-z f r o m  about 

0 .2  t o  1 4  bic/s, 

A very-low frequency (VLF) experiment, which 

measures r a d i o  frequency emissions f r o m  50 t o  

30,000 cyc le s  pe r  second, 

An e n e r g e t i c  p a r t i c l e  experiment, which measures 

the  f l u x  of e l e c t r o n s  ijith ene rg ie s  above 40 Kev, 

250 Kev and 3 .9  MeV, the f l u x  of pro tons  w i t h  

ene rg ie s  above 500 Kev, above 1 0 0  Mev and i n  

t h e  range 1 to 8 Mev, and which measures 

proton spec t r a  i n  t h e  range 1 0 0  t o  600 hiev. 

An e l e c t r o s t a t i c  probe experiment, which 

measures e lec t ror l  number dens i ty  and temperature 

a t  two l o c a t i o n s  near  t h e  s a t e l l i t e  su r f ace .  

A s i s t e r  s a t e l l i t e ,  Explorer X X S  was launched b y  

t h e  same v e h i c l e  and i s  i n  n e a r l y  the  same o r b i t  a s  Alouet te  11. 

On 29  January, 1966  t h e  two s a t e l l i t e s  were 540 kilorneters 

a p a r t  and were sepa ra t ing  a t  a r a t e  of 8 t o  9 lu lometers  per  

CI a.:cAy. cl Explorer  XXXI con ta ins  ion and e l e c t r o n  probes, and 

en e l e c t r o s t a t i c  probe i d e n t i c a l  to t h e  e l e c t r o s t a t i c  probes 

o n  Alouet te  11. 
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The purpose of t h e  dual launch  i s  to permit n e a r l y  

simultaneous comparisons between t h e  da t a  obta ined  by the 

sounder, VLF and e l e c t r o s t a t i c  probe experiments i n  Alouet te  I1 

mi. t h e  probes i n  Explorer X X X I ,  and to provide i o n  end 

e l e c t r o n  t e q e r a t u r e  and i o n  conposi t ion date a t  t h e  he igh t  

of the s a t e l l i t e  for use with the sow-der data. Since t h e  

d . i s t r lbu t ion  of e l e c t r o n s  between the peak of t h e  F l a y e r  o f  

t h e  ionosphere (the he ight  of t h e  peak of  t h e  F l a y e r  r e r g e s  

from about 2 0 0 t o  500 k i lometers )  and the s a t e l l i t e  can be 

-. 

d e t e r r i n e d  from t h e  sounder records,  use  of this dat?, i n  

conjunct ion  with t h e  da ta  measured e t  t h e  s a t e l l i t e  by t h e  

probes i s  expected t o  p1-ovid.e a g r e a t  dea l  of in_formatior, 

zbout the e n t i r e  reg ion  above the peak 02 t h e  F i a y e r .  I n  

a d d i t i o n ,  comparisons can be made with da ta  obta ined  from 

the  Aloue t t e  I s a t e l l i t e  (Uarren 1962; Warren 1963, b e l r o s e  

m d  3arring-con 1 9 6 5 ,  9RTE repor t ,  1 9 6 6 )  launched on September 

29,  1962, i n t o  a 1000 kilometei- c i r c u l a r  p o l a r  o r b i t ,  r#:hich 

i s  s t i l l  providing 1 to 2 hours of t ops ide  sounder, VLF, 

background r ad io  no i se  and ene rge t i c  p a r t i c l e  data p e r  dzji. 

The -. ~ To.pside Sounding Experiment : 

The tops ide  sounder i n  Aiouet te  I1 provides  an 

average pulse  power of about 300 watts i n t o  the a e r i a l s  a t  

a p u l s e  r e p e t i t i o n  r a t e  of 30 per second and pulse  w i d t h  of 
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100 Fsec. The sounder sweeps f r o m  0 . 2  t o  14.0 Iic/s, once 

e;,rery SO seconds. 

Th.5 a e r i a l s  used f o r  t h e  sounder a r e  two d ipo le s ,  of l ecg th  

2.20 f e e t  and 7 5  Teet  t i p  t o  t i p .  

It i s  normally on f o r  pe r iods  of 13 Il?irxtes. 

A t ops ide  sounder ionogram, taken 7v;lzzn the m t e l l i t e  
i y k i  -A:RS a t  a he ight  of  900 -kilometers, i s  shown i n  F ig .  1, 

record was obta ined  when the s a t e l l i t e  was a t  a h e i g h t  of 

?v~pmxi rnz te ly  900 k i l o n e t e r s ,  near Bermuda. The axes of the 

ionograms a r e  apparent  range (time de lay)  i n  kilcrnete-rs 2nd 

I"i:eclu.ency in Nc/s. The pulse  r epe t i t i c r !  r a t e  of 30 .puls?s 

2 ~ ; r  second provides  4800 ki lometers  of apparent  i-ange Lek.-cn 

sound-er t r ans i7 i t t e r  pu lses .  When t h e  t e l e x e t r y  t aFes  --?-e 

pL-ocessed i n t o  ionograms, a he ight  i n t e r v a l  02 2000 k i lometers  

!.-ith 1 0 0  kilorLeter apparent  range markers, o r  of 4500 k i lometers  
. .  

7;"- 1. 7- p 200 ki lometer  clarker's i s  u s u a l l y  used. To F r o v i d e  

:ra.nid - i d e n t i f i c a t i o n ,  t h e  markers at xml t ip l e s  of 1000 k i l o n e t e r s  

art3 xade double t h e  width of the o t h e r  markers. The Treqxency 

s;.reep r a t e  changes sharp ly  a t  2.0 blc/s. 

0.1-5 Plc/s/sec below 2.0 I\ic/s and 1 . 0  bic/s/sec above 2.0 l f C / s .  

1% slow srreep r a t e  below 2.0 lic/s enEbles t h e  frequency of 

phenomena on t h c  ionograms t o  be measured with an accui*ac.j of 

- -2  Kc/s, o r  t h r e e  t imes  t h e  accuracy that  can be obta ined  

T h i s  r a t e  i s  about 

n' 

L L T  

with Alouet te  I .  
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---_- __>A;? I_^ t i  ;? L*yr 11 . a:. L' i-eLj:mcy ;::,ie?i sit: 
The ve ry  low frequency experiment i s  occzs iona l ly  

c;zr2,zed simultaneously t.iith t h e  tops ide  sounder apd sh3,res 
t h e  same broad-band te lemet ry  channel. 
prociuces mutual i n t e r f e r e n c e  between t h e  t::o exper inents ,  
'QUX f o r  c e r t a i n  s t u d i e s  t h e  p o t e n t i a l  advantages o r  t h e  

T h i s  mode of ope ra t ion  

..... 6 
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cord!ined experinent  outveigh t h e  disadvantages of t h e  i n t e r -  
- , ~ ~ : ? c e  4 ,?, --.-,- (Berr ington e t  al. 1 9 6 5 ) .  So far l i t t l e  of t he  

sir:xl-,kaneou.s ciata hzve been anzlysed. On seve ra l  passes  
.k.'L..,. .-,-n -,.--.:- .'LC,)., E t  I-&: J ?  I i o u s  l a t i t u d e s ,  t h e  VX' e;cpn,rircen-l i s  

, . , -  ?:I- ?,LO?~. Gn cze sy-ch p 2 - s ~  i-ecor:'+- e v e r  :\-cst~;:j.j-~. 

t5.e event shown i n  F ig .  I. vas observed. Here a norrcai 
fL-sct ional  hop w h i s t l e r ,  i . e . ,  t h e  d ispersed  e l e c t r o i n a p e t i c  
i;:FLi.lse t h a t  has propagated upwards from a l i g h t n i n g  discharge 
t o  t h e  s a t e l l i t e ,  i s  shown. A proton v h i s t l e r  (Gurnet t ,  e t  al. 
1965) and. t h e  f i r s t  helium w h i s t l e r  (Garrington, Ee l rose  and 
I . l ? - : k r ,  1 9 6 6 )  th2.t has ever  been detected a r e  also i den tLf i ed .  
='.In iL.- d i spe r s ion  of t h e  f r a c t i o n a l  hop v h l s t l e r  can be used t o  

:!ctzlrx5ne t he  tctal e l e c t r o n  content a long  t h e  v h i s t l e r  pa th .  
LLAc f requency a t  which t h e  p ro toz  t r z c e  sepa ra t e s  f rom t Y - 9  
P:rx- l ional  hop Yihistler ( t h e  cross-oveim frequency)  d e t e r x h e s  
t,ne r e l a t i v e  abundance of protons a t  t h e  s a t e l l i t e  he igh t ,  
-:~;XLle t h e  d i spe r s ion  i n  the  t a i l  of t he  t r a c e  can be used  
to $.=rive number dens i ty  of p ro tons  at t h i s  he igh t .  The 

mi7 - 

I 7  

rsion of t h e  h e l i u x  w h i s t l e r  can be used t o  f i n d  t h e  
r,u:-!:ber dens i ty  of helium a t  the  s s t e l l i t e ,  and the  heliiiix 
cmss -ove r  frequency i n  a func t ion  only of t he  r e l a t i v e  
2'm.nd.ances of t h e  var ious  i o n  c o n s t i t u e n t s .  Thus assu.i:?ing 
-I'nnt t h e  ionosphere a t  t h e  s a t e l l i t e  he ight  i s  composed 
s o l n l y  of e l e c t r o n s ,  protons,  helium i o n s  and oxygen i o n s  
c2 sjL$:m,l such as that showm i n  Fig. 4 conta ins  infor ixat icn 
i'i-om xh ich  t h e  e l e c t r o n  dens i ty  a t  t h e  s z , " e l l l t e  height a s  
:.?ell as t h e  r e l a t i v e  and absolu te  abundances of t he  i o n  
C C n  P i  , i t u e n t s  (Lerr ington,  E e l r o s e  end i b t h e r ,  1 9 6 6 )  can be 

ci2Cixced. I n  add i t ion ,  s u f f i c i e n t  i n f o r m t i o n  i s  a v a i l a b l e  

..... 7 
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t o  .orovide 2, check on t h e  accurac2- of t h e  theo ry  and r!ie2,sure- 
neiits used i n  de r iv ing  t h e  6a ta .  

The extended h igh  frequency coverage of the 
... l i i oue t t e  Ii VLF r ece ive r  has p e r r L t t e d  t h e  cl.etectio9 c!f 

_ - -  . . . ,  
7 fyc;; se~;ey&l- groufiC; 'oa,sed $I,LI' -,y,-.ns!:7;;;cer:;. I:? 

-- 
k t , i  rT 5 t h e  s i g n s i s  fror.1 one such +~-a;~s; ; i i t~~er ys ,~:  b e  see11 7 . t  - 3. " 

fl-equ.encies of 1 7 . 6  and 18.2 Kc/s. 
o n  t h e  propagat ion of VLF waves r i i th in  t h e  ionosphere c2n 
be obta ined  from studying t h e  regions i n  i:;'nich such sigi-als 

Considerable inTorTi?ation 

+,,iL ? --a observed. Also shown i n  t h i s  f i g u r e  i s  no i se  v i t h  a 

z'i?.?..:-p lovrer cut-off frequency thz t  has beei? t r i g g e r e d  by a 
: , jn i s t le r .  
Lhat t h e  lower cut-off  frequency of such no i se  i s  the 

_ -  It has been suggested. (E r i ce  and SrxLth 1964) 
-. 

r hybrid. resonence of t he  p l a s ~ ~  a t  t h e  s a t e l l i t e  he igh t ,  
.I- \-\, +he f a c t s  t o  da te  seen t o  suppoi-t t h i s  hjrpothesis 

( X r r i n g t o n ,  Celrose and Melrns, 1965) .  For  t h e  or'oi-t of 

Alo1xette I1 t h e  lo:.rer hybrid resonance frequency lies between 
hundred cyc le s  and 20 ICc/s, and t h e  resonance fL"reqv.ency 

:.1.'1 be .vithin t h e  pas s  bznd of t h e  Alouet te  I1 VLF' rece iver ,  
T!hei-ie\rer no i se  such as t h a t  shovm i n  t h e  f i g s r e  OCCUI'S. S k ? C ?  

. - -  _ _  

, .  ._ 
Lihis resonance frequencL- i s  r e l a t e d  t o  t h e  l o c d  elec'crofi 
5 e n s i t y  and. t h e  i o n  coinposition, t h i s  phenomena provides  jret 
silother source of in f  or imtion on the c o n s t i t u t i o n  of the 
i 03.c sphere.  

r ,- 
-- -L tle 3ackground Radio Noise E,.cncrir?zl?t : 

Tine AGC voltage f rorn t h e  swept -f requency sounder 
r c c e i v e r  i s  monitored a l l  t h e  time thc?,t t h e  tops ide  soui?der- 

.....a 
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is opera t ing .  These d-ata provide a measure of t h e  background 
rn,?.io no i se  l e v e l  a t  t h e  s a t e l l i t e  2 s  a f u n c t i o n  cf Trequenc;:: 
;,'l,n~n t h e  s7:eep range of about 0 . 2  t o  14 $!ic/s. 
I , . x 8  experinlent Fs vzr:; s ixi lar  t o  one c a r r i e d  i n  t h e  
~ ~ . ~ - ~ ~ . ~ % ~ p  .L s a t e l l r t e  (szrt: ,< '  1,014a,, i964-5, 1 

. -: L 1  2 E s s e n t i a l l y  
. .  . 
I 

- 
. .  

c, 112 - c i ~ s  i;lAeszn~ eqd-jp;clepAt .:-;;,?p? -pa,nge ;",as 'teen I ~ ~ - ~ P ~ Z . ~ C ~  -2.'" .,A 

- , -7  ~iI-th t h e  r e s u l t  tha t  d a t a  can be obta ined  a t  s ign i f icant l :7  

iLoT.':er f requencies  . 
I n  genere l  a por t ion  of t h e  recorc! nea r  t he  

upl2e_r end of t h e  sweep range conta ins  i n t e r f e r i n g  t r e n s -  
z i s s i o n s  t ha t  propagate up  f roni t h e  ground above the 
f'rc!c:uenc:- € o r  ~.71?;ich t h e  ionosphere i s  a ~hiel?. Si152-~~r l -y ,  

kcere  i s  evidence t h a t  a por t ion  of t h e  low end of t h e  
I :-equeric;F r m g e ,  below t h e  e l e c t r o n  gyrofrequer,c:: z lso i s  
contaminated by ground t ransmissions.  Eetveen these  .two 

I' 

-7 - 

- - L A . t s ,  1 -, .~, novever, i t  i s  poss ib l e  t o  i d e n t i f y  a t  leas'i the  

fnllovsing main types of noise  'and. t o  get det,ziiled c p a n t i t a t i v e  
-- ,. Lc, on +;hen: 

11.) g a l a c t i c  no ise ,  7:hich exceeds t h e  rece,ive- no i se  

( 2 )  

l e v e l  a,t Trequencies S rea t e r  than  about 0.3 ~:ic/s, 
no i se  einissions that  aspear t o  S e  geaera ted  r5 th in  
ionosphere:  t hese  occur i n  t h e  frequency range 
between t h e  e l e c t r o n  gyrofrequency, f and t h e  
upper h:Tbi*id f requerxy, f T, and 

above t h e  g a l a c t i c  no ise  l e v e l  and which extend 
doicn i n  frecydenc:v t o  a lower l i m i t  of about 
0 . 6  I.ic/s: 
have been iden- t i f ied  i n  t h e  records  bu t  o t h e r  

H' 

(5) s o l a r  no i se  emissions, which eppear s p o r a d i c a l l y  

t o  date 2 nui?-her of Type Iii bu.rs ts  

\ ,  r y-r:o ,. .... 

a 
. . r . . J  
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c. b,;/pes - of s o l a r  no ise  have c o t  y e t  been f'ounG 
a t  these  sai;ie low f requencies .  

y>Le p*d;-pose cf thz encr ,-- gL ,a-'-i LAC 92"-ct,icic ez,periT,;,?nt - 
:Je s%a+n,d rcnnrr7nt  +---,-- 

BurLLLi*L b ~ ~ l l l ~  3,s fo l lo t i s :  (1) t o  proviiie 
<!at2 which w i l l  a i d  i n  t h e  understandirig of the meclxmisxs 
res2onsibI-e for the product ion and. c o n t r c l  of ou tPr  Var Al len  
- .z?iation .;one p a r t i c l e s ,  and of a u r o r a i  p a r t i c l e s ,  ( 2 )  

L3 s t u d y  the r e l a t e d  g rob len  of e n t r y  i n t o  t h e  e a r t h ' s  

':.o st -udy t h e  genera l  d i s t o r t i o n s  srhich cccur  i n  t h e  e a ~ t i ~ ~ s  

.. 

" t i c  f i e l d  of s o l a r  and cosfi5c ray p a r t i c l e s ,  and. (3) 

--. . . i u , L ~ ~ e t i c  ', ?..̂  field as a r e s u l t  of i t s  i n t e r x t i o n  v i t h  tkc ssiar 

i.;i??ci. 

The experiment, rjhich i s  an iiqi2roved version of 
wii3 flown i n  Alouet te  I, consists of seven d i f f e r e n t  counters 
ca>zble  of d e t e c t i n g  e l e c t r o n s  x i t h  ene rg ie s  above 40 Kev, 
253 Ilev and 3 .9  Kev 2nd pro tons  c2bove 500 Kev, i n  the ronge 
-: 30 8 biev and ebove 100  Fev and oI" iiiessuring proton s p e c t r a  
-:- -"',,a y p y " y a  
__._ , _ _ _ "  _ _ - _  .5- 130 t o  SO0 Fiev. :dost of tke Cetec tors  2,i-e 

? % r ~ c t i o n a l ,  th?at i s  theL rileasu.re i n t e n s i t i e s  i n  a small 
r x g 3  of ang le s  about a givelz d i r e c t i o n  !ihich i s  determined 
; . r S _ t h  r e s p e c t  t o  t h e  d i r e c t i o n  of t h e  e a r t h ' s  magnetic f i e l d  

-a:;,- i:!zgnetometers on board the s a t e l l i t e .  fit t h e  t lme of 
:.:riting 8.11 d e t e c t o r s  are operating normally. 

'The e;q)eririient i s  cap,?,ble of 2 t i m e  r e s o l u t i o n  
cf about l / 8  of a second although i n  most of t h e  a n a l y s i s  
count ing r a t e s  averaged i n  1 second and 4 second intervEls 
iJ2.11 be used. 

? .  

Autormtic da ta  processing equipcent  f o r m  
an i m n o r t m t  p a r t  of t h e  experiment s ince  ao re  than  1 0  G data 

* , .lO 
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p~,fr , ts  p e r  moqth a r e  obta ined  and i t  i s  necessary  t o  p l o t  
L L l  of t ’ nzse  i n  t h e  i n i t i a l  p a r t  of t h e  m a l y s i s .  The 
:LL~ from t h e  teleiactr:; t s p e s  a r e  f i r s t  t r a n s f z r r e d  t o  ,, ,. -1- 

, .  t a l  !:fi@e-~ilc tape  and t h e  pi*ocessing i s  done on e n  I 
.:;,si) c.oj?z;;iter. ,IlI<S cor?J~)-fitey o-Ltl’,‘.$ L s t’?..1? r J ] - o - ~ ~ : ~ ~  - ef? -Li’?F. 

02 2, %I 3500 Data p l o t t e r .  

T;iif;h Alouet te  I b u t  which can be made with t h e  p re sen t  
e.+3ri:.;lent i s  e l e c t r o n  p i t c h  angle d i s t r i b u t i o n s .  One 
5 i r . e c t i o n a l  d e t e c t o r  looks ou t  st r igh t  ang le s  t o  t h e  
szd - t e l l i t e  sp in  a x i s  and, f o r  most s a t e l l i t e  o r i e n t a t i o n s ,  
th i s  detector sxeeps ou t  an  zppreciable  range of ar_g,ies 
- . T i  +?I 

I . _ d _ _  r e spec t  t o  t h e  r?.agnetic field d.ii-ection Cv.rixg a hs i f  

e l e c t r o n  p i t c h  angle  d i s t r i b u t i o n s  obta ined  i n  t h e  ov. ter  

raci is t ion zone a t  an L value of about 6 .  A s tudy of the 
ahn~;e of such d i s t r i b u t i o n s ,  p a r t i c u l a r l y  i n  t h e  l o s s  cone, 

One type of measurenent vh ich  could. no t  be md.e 

n per iod  (about 13.5 s e c ) .  Fig. 6 shovs t-/:o exaz31es of 

u r  y i e l d  information about t h e  mecheni s m s  r e  sponsi’ule f o r  
2 ~ i p i t ~ ~ t i o n  of e lec t ron;  i n t o  the atmosphere. . -- 

Ti?-, n _ - - -  Z l e c t r o s t a t i c  Probe Experiment: 

(Zrace,  Spencer and Dalgarno, 1965; Spencer e‘i al., 1955; 
2,rnce and Fkddy, 1965)  a r e  emplojred on t h e  Aloue t t e  I1 
s c i ; c i l i t e  f o r  in-fe s t i g a t i n g  the  fo l lor r ing :  

A p a i r  of  t h i n  c j r i i ne r i ca l  e l e c t r o s t a t i c  probes 

(1 1 t h e  na tu re  of t h e  p l a s m  i n  t h e  inmediate 
v i c i n i t y  of t h e  spacecraf t ,  

(2) t h e  p o t e n t i a l  of t h e  s a t e l l i t e  r e l a t i v e  t o  t h e  

(5) the na tu re  of t h e  ion  and e l e c t r o n  wake which 
plasra, ai?d the na ture  of i t s  v a r i z t i o n s ,  

forms behind t h e  s a t e l l i t e  as i t s  l e a d i n g  su r faces  

. . . . .11 
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sweep ou t  t he  ambient p a r t i c l e s  i n  i t s  pz th .  
The two probes a r e  used independect lg  m 6  

rco~- i zn t i a l ly .  A r-eyecting sa.wtootln voltz-ge i s  cipplic:d t o  
. .  ,- - , - P O ~ S  - T;;P;~~I> is use,  a;;< T;>I,? ye ~.c.4-j;i:;s ~ : ~ ~ - ~ - ~ ~ L f ;  Y,;><C~- - 

fLo7).;3 t o  t h e  probe f r o m  t h e  p l a s m  i s  d-etected a-nd t r a n s -  
~ L t t e d  t o  recording s t a t i o n s  on the  e a r t h  (F ig .  7 ) .  The 
sl;ulitu.de 2nd curvature  of these v o l t  -?-nipere characterli  s t i c s  
p e rmi t t h e  e l e  c t ron c onc en t r a t i o n  Zvn d t e np e r s, t u  r e a1 cng 
i k e  o r b i t a l  p a t h  to be der ived E t  zbout  one second i x t e r v a l s .  
I ~ o J J . ~  liyl.ear ranges of cu r ren t  de t ec t ion  s e n s i t i v i t y  permit 
-;:?e e l e c t r o n  concent ra t ion  to be measured when i n  t h e  renge 

3: 1 0  t o  1 0  /cc .  The e l e c t r o n  tenlperature can be resolved 
i n  the range of approx i r a t e ly  200 t o  20,000@K. Fine 
z -bnc tu re  i n  t h e  e l e c t r o n  concentrzt ion zlong t h e  s a t e l l i t e  
??-th can be de t ec t ed  if i t s  dimensions exceed approximately 
 ne hxndred n e t e r s .  

. .  

2 6 

FIeasurernent s of t h e  s a t e l l i t e  p o t e n t i a l  are 
.-. ~ . , c b ~ - - ~ ~ c u l a ~ l > -  P, i y q o r t a n t  i n  a s z t e l l i t e  having 2-11 e x t ~ r ~  

?-02g antenna i n  which l a r g e  vo l t ages  2 re  induce6 by  t h e i r  
high v e l o c i t y  throu.gh t h e  geomsgnetic f i e l d .  The s a t e l l i t e  * s 
p o t e n t i a l  can be  resolved when i t  l i e s  betxeen -10 volts 
c?xd +2 volts. 
must be app l i ed  to dr ive  the  probe t o  t h e  plasma potentic7.1. 
The gross na tu re  of t h e  i o n  and e l e c t r o n  Vrake can be 
der ived  by observing the  r o l l  r,: ,odul~~'~iol? cf i o n  and 
e l e c t r o n  c u r r e n t s  as the probes pass behind t h e  s a t e l l i t e .  

T h i s  i s  done by no t ing  t h e  vo l t age  which 

. . . .17 
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Figure 1: 

7 j i g u r e  2: 

F igu re  3: 

F i w r e  4: 

An Alouet te  I1 tops ide  sounder ionogran recorded 
vhen t h e  s a t e l l i t e  xas nea r  Bernucia, E t  c,n Z l t i t u d e  
of 900 ! + J ~ ; : L ~ ~ ~ ~ s .  %?le T;C?.~-~C;JS r e f l e c t L c ~  t r s i . e s  
c u i  7 -,-e 17 - , u ~ ~ - ~ i ~  3‘ l e d .  . - , . - .  

The Z-wave plasma frequency a t  t h e  s z z e l l i t e ,  

The 0-xave plasma frequency a t  the s a t e l l i t e ,  

The X-Twa-ge p lasna  frequency a t  t h e  s a t e l l i t e ,  

fZS, occurs  a t  X = 1 + Y 

f,:, occurs  a t  X = 1 
1 U  

f-.S, P- occurs  a t  X = 1 - Y 
The j?lasma sp ikes  observed a t  t h e  s a t e l l i t , e  occur  
a t  %he fo l lowing  f requencies  : 

f r JJ  t h e  e l e c t r o n  g:jrolrequency, O C C U ~ S  a t  Y = 3. 
f,,,, t h e  plasna frequency, occurs  a t  X = 1 
f T ,  the upper hybrid frequency, occurs  a t  X = 1 - 1 
n-fH, t h e  mul t ip l e s  o f  t h e  e l e c t r o n  gyrofrequency, 

-1. 

2 

1 
2’ 5’ n 
1 L  _ _ _ _ _ ^ _  occur a t  Y = - 

An Alouet te  Ii tops ide  sou.r.der ionogram recorded 
vhen t h e  s a t e l l i t e  vxs near  Eermuda, a t  an a l t i t u d e  
of 2802 ki lometers .  
An Alouet te  I1 tops ide  sounder ionogram recorded 
when t h e  s a t e l l i t e  1;ras near  Sant iago,  Chi le ,  a t  
an a l t i tude  of 555 kilometers .  
A VLF spectrogram, shoirring 2- p ro ton  and helium 
whistler. The lower p a r t  of t k  f’igu-re i s  t h e  
a c t u a l  spectrogram obtained f ron  a sona-graph 
spectrum m a l y s e r .  
d l l u s t r a t e s  t h e  i d e a l i z e d  form of t hese  whis’clers. 

The upper p a r t  of t h e  fi,gure 

. . . . .14 
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Figure  5: A “Rqrspanll spectrogran, shcvaing signals frorn 
Also VL,F t r a n s r f i t t e r s  a t  17.5 and 18.2 Rc/s. 

i l l u s t r a t e d  i s  a band o f  l oxe r  k y b r i d  resonance 
noise  a t  abo-dt 5 Kc/s. that hes been ti-lg;ered 3)- 
t h e  ~:rhi.st!.er echo of -:he f r ac t ionz l -hop  ~~hLs t l . e r  

appearing a t  3.5 seconds. 
P r t ch  angle  d i s t r i b u t i o n s  obta ined  during two 
passes  on day 335 (Dec. 2, 1 9 6 5 ) .  In  one sp in  
per iod  each p i t c h  angle i s  s2,mpled twice and 

t h e  open ancl c losed  c i r c l e s  each r e f e r  t o  a 
ha l f  p e r i o d . 
A re;?eating sawtooth vo l t age  (V a ) i s  app l i ed  
t o  each c y l i n d r i c a l  e l e c t r o s t a t i c  probe and 
t h e  c u r r e n t  t o  each c o l i e c t o r  I s  masured. b y  
a multi-range cur ren t  d e t e c t o r  ( I ) .  Only one 
of t h e  probes i s  shown h e r e ,  

F igure  6: 

F i , y re  7 :  


